The results showed that root characteristics (such as root fresh weight (RFW), root dry weight (RDW), root volume (RV), root length (RL), root area (RA), root diameter, root mass density (RMD), and dry root mass density (DRMD)) reduced with the intensification of NaCl. The effect of NaCl was significant on the protein content, activity of catalase (CAT), peroxidase (POD), polyphenol oxidase (PPO), and DPPH. The increasing of NaCl caused significantly enhancement of protein content, CAT activity, and total antioxidant activity. The POD activity showed a significant decrease by the increasing of sodium chloride rate. The PPO and POD activities by the increasing sodium chloride rate showed a significant decrease. Steviol glycosides (SVglys) compositions: stevioside (Stev), rebaudioside A (Reb A), rebaudioside B (Reb B), rebaudioside C (Reb C) and dulcoside A (Dulc A) and SVglys content showed changes under the influence of salinity. In 30 mM NaCl treatment was obtained the highest value of total SVglys yield and SVglys content. The findings from this study lead to the conclusion that, salinity stress caused reduces root characteristics and changes in physiological traits (protein content, activity of CAT, POD, PPO and total antioxidant activity DPPH). On the other hand, at the lowest salinity level (30 mM), the highest amount SVglys was obtained. It seems that the high level of SVglys at lower salinity levels is one of the reasons for salinity tolerance in Stevia, which requires further investigation.
Introduction
The herb of stevia (Stevia rebaudiana Bertoni) also known as a honey leaf is a perennial plant and from the Asteraceae (Compositae) family native to Brazil and Paraguay (often referred to as the herb of Paraguay) (Karimi et al., 2015) . The plant has a sweet taste due to the presence of diterpene SV glys. Stev and Reb-A are dominant glycoside compositions of the plant which makes that plant to be even 300 times sweeter than sucrose (Hajihashemi and Ehsanpour, 2014 ). This plant is of worldwide importance and high demand in many countries (such as Japan, Korea, China and South America) which are high potency natural sweeteners and low-calorie (Barbet-Massin et al., 2016).
The plant can, apparently, be successfully grown under different conditions regarding climate and soils (Hajar et al., 2014) . The plant is adapted to poor soils, with low nutrient requirements. However, stevia shows some variability in what concerns the sensitivity or tolerance to salinity stress (Reis et al., 2015) . There is often a tendency for a relation between growth and yield of crops, and salinity that is well established in the scientific literature: usually, the higher salinity levels the less growth and yield of the crop (Ityel et al., 2012; Jamil et al., 2012; Reis et al., 2015) .
Salinity is one of the most hazardous and limiting environmental factors of crop product and plant growth particularly in arid and semi-arid regions (Gharsallah et al., 2016) . FAO (2015) reported that 800 million ha of land and 32 million ha of agricultural land are estimated salt affected. The soil salinity of decreased water uptake by the root plants and causes osmotic stress, ion toxicity and mineral deficiencies (Munns and Tester, 2008) .
Responses of plants to salinity stress (including physiological and morphological modifications) depending on the stage of growth and the genotype (Montana et al., 2014) . Different types of salts exist in agricultural lands (such as Na 2 SO 4 , Na 2 CO 3 , KCl, CaSO 4 , MgSO 4 , MgCl 2 and etc) each of which can lead to the salinity stress (Bazrafshan and Ehsanzadeh, 2016) . However, in salinity stress are dominant mostly Na + and Cl -concentrations (Montana et al., 2014), thus NaCl is commonly the most widespread and disadvantageous salt in agricultural lands of Iran and other countries (Azizpour et al., 2010) .
Salinity stress has been reported (Wu et al., 2010) to cause reactive oxygen species (ROS) formation and accumulation in the plant. Oxidative stress defenses happen through an enzymatic antioxidant mechanism including CAT, SOD, POD and nonenzymatic antioxidants as phenolics, flavonoids (Gharsallah et al., 2016) .
Plant roots are the first organ to experience the effects of salt stress and essential to plant maintenance, as well as, have an important function in determining the yield of crops (Ober and Sharp, 2007) . The widespread root system is positively correlated with salinity tolerance. Variations in the number of roots, root length, and its growth rate have been observed in different varieties and plants that these traits may create differences in plant characteristics such as tolerance to drought and salinity stresses (De-Oliveira and Varshney, 2011). The root of the plant's longer and more lateral roots than fewer plants that this attribute is more tolerant to salinity stress. An important factor in the tolerance to salinity how to develop their root system (Singh et al., 2000) . Increased root surface is important since caused increased levels of absorption and increasing the efficiency of water and nutrients. Therefore, longer roots and more root surface can be provided possibility salinity tolerance (Aghaei et al., 2009 ).
The cultivation of stevia multipurpose plant caused increasing its production for medicinal and other purposes. There is much research on potential uses, micropropagation, and cell culture, secondary metabolite production of this plant. However, there are only a few reports available on biochemical modifications and without reported on root characteristics of stevia in NaCl salinity condition (Gupta et al., 2016) . On the other hand, root characteristics and biochemical traits modifications are important for understanding salinity tolerance mechanism, but strategies differ among plant species (Liu et al., 2016) . Therefore, there is a need to research on modifications of root parameters and biochemical traits of the plant. So, in the present research was planned with objectives the assess of six different concentrations of NaCl (0, 30, 60, 90, 120, and 150 mM) on root characteristics and physiological traits of stevia. http 
Material and methods

Plant material and growth conditions
The present study was carried out based on a completely randomized design (CRD) with four replications in open shading structures at Medicinal Plant Research Center, Shahed University of Tehran, Iran. The seedling of stevia (Stevia rebaudiana Bertoni) propagation was carried out by tissue culture. The uniform two seedlings were transplanted into the pot (30 × 30 cm) containing a mixture of pumice and perlite (50:50 ratio). Two weeks after establishment of seedlings were subjected to salinity stress with different NaCl (Sodium chloride; Merck, Darmstadt, Germany) concentration (0, 30, 60, 90, 120, and 150 mM). Salinity treatment was applied according to the treatments 15 days after planting and continued until the end of the experiment. The pots were watered one time a day by mineral nutrients with 500 mL per pot of modified Hoagland solution ( Table 1 ). The EC and pH of drainage water from pots were checked every week, and an additional 500 mL of distilled water was applied to minimize pH and EC changes in the root zone (Rahimi and Biglarifard, 2011) . The whole plants were harvested at 62 days after transplanting and leaves and stems were separated and placed in the freezer (-30 °C) used for further assays. 
Root parameters calculation
Underground organ, total roots were washed thoroughly and minimized damages with running water. Root fresh weight was measured immediately with 0.001g accuracy. RV was obtained by subtraction of root volume after inserting it in the certain volume of water to first RV with 0.1 mm accuracy. RA was evaluated by Atkinson method (Hajabbasi, 2001) . Root diameter and volume was obtained by Table 2 relations and other traits such as root fresh weight to soil volume (RMD), root dry weight to soil volume (DRMD), root dry weight to root volume, and root length to root fresh weight (RF) was calculated (Ganjali et al., 2003) . 
Protein and antioxidant enzymes assay
Samples were frozen in liquid nitrogen and stored at -30 °C. One g of frozen leaf was homogenized in a mortar with 5 mL of 50 mM potassium phosphate buffer (pH = 7.5) containing 1 mM ethylenediaminete-traacetic acid (EDTA), 1 mM dithiotreitol and 2% polyvinyl pyrrolidon (PVP). The homogenate was centrifuged at 15,000 g for 25 min and the supernatant was used for protein and antioxidant enzyme assay.
Protein content
For determining the amount (concentration) of protein, spectrophotometer with Bradford method (1976) was used. The basis of this method is binding the Coomassie Brilliant blue G-250 to protein in an acidic environment and determine maximum absorption from 595 to 465 nm. The absorbance at 595 nm had a direct comparison to protein concentration.
Catalase assay
The CAT activity assay was performed using Chance and Maehly (1995) method. Three mL reaction mixture containing 2.5 mL 0.05 mM sodium phosphate buffer (pH = 7), 30 µg protein solution was added to quettes and at the time of measurement, 30µL H 2 O 2 (30%) was added to reaction mixture and the absorbance at 240 nm, at 60 s, and at 25 °C was recorded.
Peroxidase assay
POD activity was assayed adopting the method of Polle et al. (1994) . According to this method, POD activity was determined at 436 nm by its ability to convert guaiacol to tetraguaiacol (€ = 26.6 mM −1 cm −1 ). The reaction mixture contained 100 mM potassium phosphate buffer (pH = 7.0), 20.1 mM guaiacol, 10 mM H 2 O 2 and enzyme extract. The increase in absorbance was recorded by the addition of H 2 O 2 at 436 nm for 3 min.
Polyphenol oxidase assay
The polyphenol oxidase (PPO; E.C. 1.10.3.1) activity was measured according to the method of Raymond et al. (1993) 
DPPH activity
The measurement of the DPPH radical scavenging activity was performed according to the methodology described by Brand-Williams et al. (1995) . The reaction mixture consisted of adding 0.5 mL of sample, 3 mL of absolute ethanol and 0.3 mL of DPPH radical solution 0.5 mM in ethanol. The changes in color (from deep violet to light yellow) were read at 517 nm after 100 min of reaction. The mixture of ethanol (3.3 mL) and sample (0.5 mL) serve as a blank. The control solution was prepared by mixing ethanol (3.5 mL) and DPPH radical solution (0.3 mL).
Determination of SVglys content and compositions
The SVglys content and compositions of stevia leaves were determined according to the procedures used by other researchers (Ceunen and Geuns, 2013; Karimi et al., 2015) . 0.1 g of powdered leaves (dried at 65 °C for 48 h in hot air avon) was transferred to 15 mL tubes, 3 mL distilled water were added and kept in a water bath for 30 min at 80 °C. The resultant solution was firstly centrifuged at 12,000 × g for 5 min and the supernatant recovered. Then, 3 mL distilled water was added to the pellet and then centrifuged. This process was repeated three times and the supernatant from each process was pooled. The pooled supernatant was centrifuged again (12,000 × g for 5 min) and the new supernatant was transferred to new tubes. The volume of the final supernatant was exactly diluted to 10 mL using distilled water and filtered using 0.45 m nylon filter attached to a syringe. Then, a C18 cartridge was used for SVglys purification. The C18 cartridge was firstly washed with 3 mL methanol and then conditioned with 3 mL of distilled water. Thereafter, 0.5 mL of the filtered supernatant was loaded into the cartridge and then the cartridge was washed with acetonitrile/water mixture (20:80, v/v). Finally, SVglys were eluted from the C18 cartridge with 1 mL of acetonitrile/water (80:20, v/v) and kept in 1.5 mL tubes at -20 °C until further analysis.
For the chromatographic SVglys analysis, two reverse-phase C18 columns were connected in series and a UV-vis detector set at 202 nm was used. A solvent gradient of acetonitrile and water, as mobile phases, were created with a flow rate of 0.5 mL min −1 . The acetonitrile ratio was increased into the solvent gradient in 50, 65, 80, 80 and 50% during 0-10, 10-18, 18-22, 22-24 and 24-30 min, respectively. In order to carry out SVglys assay, 40 µL of the purified extract was injected into the HPLC pump. Among SVglys compositions, Reb A, Stev, Reb F, Reb C and Dulc A were detected. For quantification purposes, pure Stev and Reb A (purity > 99%) were used as external standards. Then, Reb F, Reb C, and Dulc A were quantified by their molecular weight ratio to Reb A, because it has been shown that all SVglys have similar molar extinction coefficients (Geuns, 2010) . The HPLC peak area was calculated by Chromstar 7.0 software and the results of SVglys content were expressed as a percentage of leaf dry weight (W/W), using the calibration curves obtained from the relationship between external standards (ppm) and their relative HPLC peak area.
Statistical analysis
All data was analysis with SAS 9.2 software and means comparisons was performed by Duncan multiple ranges in 5% of probability. 
Results
Root characteristics
The effect of salinity was significant on RFW, RDW, RV, RL, RA, root diameter, RSD, RMD and DRMD ( Table 3) . With the increasing amount of sodium chloride showed a significant decrease in all root traits measured ( Table 4 ). The highest mean traits of RFW, RDW, RV, RL, RA, root diameter, RSD, RMD, and DRMD were in the NaCl 0 mM, however, the traits of RDW, RL and DRMD in the NaCl 30 mM did not show significant decrease compared to the control (non-stress) ( Table 4 ). The salinity of NaCl 60 mM compared to the control (NaCl 0 mM) causes decreased approximately 50% in the mean of root characteristics (mentioned above). Salinity level of NaCl 150 mM compared to the control decreased 80.16, 73.24, 72.10, 73.23 and 72.73% at RFW, RDW, RV, RL and RA, respectively ( Table 3 ). In Figure 1 , the structure of root morphology shown in different levels of sodium chloride. Means in each column followed by similar letter (s), are not significantly different at 5% probability level, using Duncan's Multiple Range Test 
Physiological traits
The effect of NaCl was significant on the protein content, activity of CAT, POD, PPO and DPPH (P ≤ 0.01) ( Table 5 ). The increase of NaCl concentration caused significantly enhuncment protein content so that the highest protein content was in the highest levels of sodium chloride (120 and 150 mM) and the lowest protein percentage was control level of salinity ( Table 6 ). ns, * and ** non-significant, significant at 5% and 1% respectively The highest and lowest CAT activity were in NaCl 150 mM and control levels respectively, in other words, increasing sodium chloride increased CAT activity ( Table 6 ).
The POD activity showed a significant decrease in the increasing amount of sodium chloride so that the highest activity of this enzyme was in control level and lowest activity was at the highest level of salinity (NaCl 150 mM) ( Table 6 ).
The activity of PPO and POD showed a significant decrease by the increasing amount of sodium chloride (on the contrary CAT activity), so that in the NaCl 0 mM and NaCl 150 mM observed the highest and lowest activity of this enzymes respectively ( Table 6 ).
The total antioxidant activity DPPH significantly increased by the increasing sodium chloride. In other words, salinity stress was significantly increased the antioxidant capacity of the plant, so that the lowest of activity was in control level and the highest activity was NaCl 150 mM ( Table 6 ).
SVglys production
The salinity caused a significant variation in SVglys compositions and SVglys content of stevia ( Table 7 ). In the NaCl 30 mM obtained the highest value of total SVglys yield and SVglys content (0.51 g/plant and 12.47% of the leaf dry weight, respectively) ( Table 8) . However, regarding SVglys yield of stevia, there was no significant difference between control, NaCl 30, and NaCl 60 mM treatment.
The effect of NaCl treatment was significant on SVglys compositions (Such as Stev, Reb A, Reb B, Reb C and Dulc A). The highest value of Stev, Reb A, Reb B, Reb C and Dulc A were achieved in NaCl 30 mM level. The Svglys compositions increased by NaCl 30 mM treatment and thereafter decreased when the stress became more severe. Reb A/Stev ratio (sweetness quality) was significantly affected by NaCl treatment with the highest value in NaCl 90 and NaCl 120 mM treatments ( Table 8) .
Discussion
Salinity is one of the factors reducing growth and yield of many crops around the world and also, affect on growth and composition of secondary metabolites in medicinal plants (Aghaei Joubani, 2015) . The NaCl stress caused a decrease in all root traits measured (Such as RFW, RDW, RV, RL, RA, root diameter, RSD, RMD, and DRMD). By increasing salinity levels, root morphology were bulky, shorter and slower growth (Figure 1) . Reported that salinity stress decrease RL, RF, and RDW in quinoa plant (Panuccio et al., 2014) . Root is an organ which could affect resource conversion, use efficiency and transduction of production sources. So structural changes in root morphology caused by salinity stress could alter root structure and affected physiological process occurred in the root (water absorbance and nutrient availability) (Malamy, 2005; Panuccio et al., 2014) . Safwat et al. (2016) reported that salinity decreased root number and length in stevia. The RFW and RDW in Periploca sepium Bunge were reduced strongly with increasing salinity levels (Sun et al., 2011) . Researchers mentioned the reduction of photosynthesis, degradation of cell membranes, reduction water availability to roots and accumulation of sodium ions as the main factors reduce plant growth under salt stress (Sharifi et al., 2007 The salinity stress an important subject is the generation of excessive ROS which caused membrane destruction, cell toxicity, and cell death (Chookhampaeng et al., 2008) . According to researchers opinion, salinity stress converts superoxide radical (O 2 ) to hydrogen peroxide (H 2 O 2 ) within the cell, this conversion prevents Calvin cycle activity and the process carbohydrates in plants. Therefore increase in activity of antioxidant enzymes such as CAT and SOD was from adverse effects of hydrogen peroxide formed which impact on the carbohydrates production in the chloroplasts. High levels of antioxidant activity in plants under stress are not the only mechanism of salinity tolerance, but also this mechanism can be compatible with components suppliers such as proline and carbohydrates to increase crop tolerance (Abo-Kassem, 2007).
Also, in this experiment, salinity increased CAT activity and total antioxidant activity DPPH in stevia ( of the enzyme of CAT is higher than that of POD, PPO, and DPPH at NaCl 150 mM, which suggests that CAT provides a better defense mechanism against NaCl stressinducted oxidative damage in stevia 
Conclusion
The NaCl stress caused changes in physiological traits and reduces of root characteristics (caused decrease approximately 50% in the mean traits of root characteristics). The increaseing antioxidant defense system (DPPH, CAT, POD and PPO) also responded to this stress. The level of NaCl 30 mM (low salinity) compared to the non-salinity caused increase of SVglys compositions and SVglys yield. It seems that increasing the SVglys rate in low levels of salinity stress can be one of the tolerance mechanisms in the plant, which requires further research.
